Olive (Olea europaea) is one of the oldest cultivated fruits and is growing in various microclimates and soil types throughout the world. The homeland of olive is Upper Mesopotamia, including Southeastern Anatolia Region of Turkey, and it has spread to other Mediterranean countries from this region (Ozkaya, 2004; Sessiz and Özcan, 2006) . Nowadays, in Mediterranean countries, olive trees play a significant economic role. It has probably been grown in the Mediterranean region for the past four millennia and used either pickled or as a source of cooking oil. Olives have played an important role in the diet of people living in that region (Anonymous, 1995; . Olives have been grown on a large scale in Turkey. While world production is 15,340,488 tones, the olive is cultivated on 597,000 hectares with an annual production of 1.8 million tonnes in Turkey. It is the fourth after Spain, Italia, and Greece in terms of olive production (FAO, 2004) . However, nearly most of olive harvesting and pruning involves traditional methods, and it is largely pruned by hand, by workers in Turkey. In olive growing, pruning is a crucial practice to maintain olive productivity, and it is essential in order to limit the size of trees and to allow easy harvesting as well as to maintain a good reproductive and vegetative balance. Pruning, after olive harvesting, requires the largest utilization of farm labour in the whole crop cycle, and the progressive shortage of skilled labour and its increasing cost force farmers to carry out pruning less often than is necessary. In modern olive growing, the training system should permit an easy movement of machinery in orchard; little attention needs to be paid to specific tree shapes (Georget et al., 2001; Dias et al., 2012) .
The mechanization of agriculture particularly after harvest has produced high demand on the knowledge of physical and mechanical properties of products. These properties depend on species, variety, diameter, maturity, moisture content and cellular structure (Persson, 1987; Nazari Galedar et al., 2008) . The variation in physical properties of plant stalks and the resistance of cutting equipment have to be known in order to understand the behaviour of material with respect to a different operation of conditions. Knowing those properties will be useful for both manufacturers and consumers of food processing equipment. Especially, information on plant properties and the power or energy requirement of equipment has been very valuable for selecting the design and operational parameters (Persson, 1987; Emadi et al., 2004; Voicu et al., 2011; Ghahraei et al., 2011; Hoseinzadeh and Shirneshan, 2012) . Perhaps, the stem of plants cutting energy is one of the main parameters for optimizing the design of cutting elements in harvesting and pruning machines (Alizadeh et al., 2011) . Therefore, a comparative performance of cutting elements applied in the harvester and pruning machine design can be justified by their cutting energy requirements, cutting force and stress applied. Hence, it is necessary to determine the cutting energy requirement for a suitable knife design and also operational parameters (Alizadeh et al., 2011) .
The objective of this study was to determine the cutting properties such as cutting force, cutting strength and cutting energy requirement and the specific cutting energy of suckers of five olive varieties depending on moisture content and cross-sectional area.
Sample preparation and measuring apparatus
To determine the cutting properties of the olive sucker, five olive varieties, namely Halhali, Gullaki, Mavi, Belloti and Zoncuk, were selected in the experiment. A sample of olive suckers was obtained in a commercial grove in Derik town ( Fig. 1 ). The results showed that the cutting force and cutting energy requirement of olive suckers decreased with increasing moisture content in all of the olive varieties. However, these properties increased with increasing cross-sectional area. The maximum cutting force, cutting strength, cutting energy requirement and specific cutting energy of olive sucker were obtained at the Halhali variety as 869.15 N, 18.66 MPa, 4.29 J and 0.0875 J.mm , respectively. As a result, the data obtained from cutting tests of the olive sucker can be used in a new design and development of an experimental prototype of olive branch cutting and pruning machine.
keywords: olive, pruning, cutting properties and energy, design DOI: 10.2478 DOI: 10. /ata-2013 Material and methods Abdullah SESSIZ et al.
Department. In order to determine the initial moisture content, five samples of 30 g were weighed and dried in an oven at 105 °C for 24 h (ASABE, 2006) and then reweighed to measure the moisture content using a gravimetrical method.
Determination of cutting properties
To determine the cutting force, cutting energy and displacement, the blade was held and fixed to the crosshead of Lloyd LRX plus, an Instron universal testing machine ( . Prior to experiment, the specimen diameter was measured with a digital calliper, and then, the olive sucker samples were divided into four different diameter groups, from a 4 mm to 10 mm hole (4, 6, 8, 10 mm).
The maximum cutting strength of olive suckers was determined by the following equation (Mohsenin, 1980; Beyhan, 1998; Amer Eissa et al., 2008; Tavakoli et al., 2009; Zareiforoush et al., 2010) Cutting energy was calculated by measuring the surface area under the cutting force-deformation curve (Kocabiyik and Kayisoglu, 2004; Ekinci et al., 2010; Heidar and Chegini, 2011; Chen et al., 2004; Nazari Galedar et al., 2008; Zareiforoush et al., 2010) . The cutting energy and displacement was calculated, by the Instron universal testing instrument, of the area under the curve, with the help of force and displacement data by using a NEXYGEN computer program. A typical force-deformation curve is given in Fig. 3 . From cutting energy data, specific cutting energy was determined by the following equation (Heidar and Chegini, 2011) . 
Experimental design and statistical analysis
Experimental results were tested using a standard variance analysis (ANOVA) for a randomized complete block design. Cutting properties were determined with three repetitions in each treatment of suckers. Mean separations were made for significant effects with LSD and means were compared at the 1 % and 5 % levels of significance using the Tukey's multiple range tests in the JAMP software.
Effects of moisture content on mechanical cutting properties
The results of the cutting properties are shown in Table 1 . As shown in the table, the moisture content has a significant effect on the cutting properties of olive sucker (P <0.01). It is seen from -2 , respectively. The results have also indicated that there were found large differences between the highest and lowest values depending on moisture contents in terms of cutting force, cutting strength and cutting energy. However, the difference between values of both cutting energy and specific cutting energy at 34.44 % and 39.47 % were not significant at the probability level. These results are in agreement with Ghahraei et al. (2011) for kenaf stem. According to Liu et al. (2009) , cutting force increased with decreasing moisture content, which is due to fibre tensile strength being related to moisture content; cutting strength was high when moisture content was low. However, we can recommend high moisture content to minimise the cutting strength and cutting energy requirements. According to Igathinathane et al. (2010) , cutting energy is related to the maximum cutting force, stem shear strength, stem diameter, dry matter density, and moisture content. A similar research conducted by Tabatabaee Koloor and Borgheie (2006) on a rice harvester showed that higher moisture content reduced the cutting force needed for rice stems.
The best relationship between moisture content and cutting force, cutting strength, energy requirement and specific cutting energy can be represented by the regression equation shown in Table 2 . Equations can be used to predict the mechanical cutting properties of olive sucker as a function of moisture content. These calculations can be considered in designing the prototype of olive pruning machine.
Effects of cross-sectional area on mechanical cutting parameters
The results of the cutting properties depending on crosssectional area are shown in Table 3 . The results shown in Table 3 indicate that the cutting force, cutting strength, cutting energy and specific cutting energy requirement increased with increasing cross-sectional area. There were found significant differences between cutting force, cutting strength, cutting energy and specific cutting energy in all of cross-sectional areas at a 1 % probability level.
The maximum values of cutting force, cutting strength, energy requirement and specific cutting energy were obtained at 78.54 mm 2 cross-sectional area as 1,379.60 N, 18.46 MPa, 7.130 J and 0.0908 J.mm ). The effect of cross-sectional area was also reported by Chen et al. (2004) , by Kronbergs et al. (2011) for hemp stalk. The specific cutting energy for hemp stalk was observed within 0.02-0.04 J.mm -2 by Kronsberg et al. (2011) . The results have shown that the cutting strength and cutting energy related to plant physical and mechanical properties (Igathinathane et al., 2010) . Similar results were reported by Kronsberg et al. (2011) for hemp stalk, by Alizadeh et al. (2011) for rice stem, and by Ghahraei et al. (2011) .
results and discussion table 1
The relationship between average cutting properties and moisture content The best relationship between ultimate cutting strength and cross-sectional area is presented by the regression equation in Table 4 . As shown in the table, cutting strength decreased with increasing cross-sectional area. In other words, there is a positive relationship between independent parameters and cross-sectional area. Regression analysis indicated that cross-sectional area had a strong effect on cutting force and energy. To predict the cutting force and energy of olive branches with regard to cross-sectional area, this regression equation can be applied to the design of the harvester and pruning machine.
This effect is in agreement with a previous study on maize stalks, in which both the cutting energy and maximum cutting force were directly proportional to crosssectional area (Prasad and Gupta, 1975) . It can be expressed that cross-sectional area played more effect on cutting energy than the stem wall thickness and diameter (Alizadeh et al., 2011 ). Esehaghbeygi et al. (2009 reported that taller plants have lower stem diameter, and shearing energy will be decreased. The effect of stem diameter on the maximum cutting force and cutting energy is consistent with Chen et al. (2004) , who reported that both the cutting energy and maximum cutting force are directly proportional to the cross-sectional area of hemp stalk. This difference may be due to different physical, mechanical and physiological properties of stem varieties (Hediari and Chegini, 2011; Hoseinzadeh and Shirneshan, 2012) . This information is very valuable for selecting a suitable equipment design. The selection of suitable cutting apparatuses and equipment plays an important role in economizing on cutting force requirement. So, we must consider the olive variety, variety branch diameter, and physical and mechanical properties.
Effects of olive varieties on mechanical cutting parameters
According to Skubisz (2001) , mechanical properties are correlated with the structure of plant stems. Similar trends were reported by Nazari Galedar et al. (2008) 
